and nanochemistry. 4 
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Isocyanoacetanilide, CN-C 6 H 4 -NHCOCH 3 is one of these functionalized isocyanides. Its synthesis was reported in 1997, 5 but its coordination chemistry was not explored.
Silver(I) is well known to exhibit different types of coordination geometries (linear, bent, trigonal planar, T-shaped, tetrahedral, trigonal pyramidal, etc.) in its complexes with multitopic ligands, generating a variety of 1D, 2D, and 3D architectures. 6, 7 These systems have been widely investigated for the rational design of functional solids on the basis of controlling intermolecular interactions and coordination bonds, 8, 9 but not many examples are based on silver complexes with functionalized isocyanides. 10, 11 These include complexes [AgX(CNR)] (X = anionic ligand) with a wide structural diversity ranging from monomeric to polymeric structures and involving different coordination geometries of the silver atom, 10b,11,12, 13 and also a few cationic bisisocyanide complexes [Ag(CNR) 2 ]X. 10 We therefore decided to study the coordination ability of 4-isocyanoacetanilide towards Ag(I), and explore the possibility of modifying the formation of different supramolecular structures by modulating the intermolecular interactions, which can be achieved through the amide group.
These interactions include the formation of direct intermolecular hydrogen bonds not only between amide groups of different molecules, 14 but also with water molecules or anionic ligands present in the system. Moreover, the possibility that some interactions could be established between the metal atom and the amide carbonyl group should not be excluded. 18 Single-crystal X-ray diffraction data for 4 were collected on a Bruker SMART CCD using Mo Kα radiation, as previously described. 19 The structures were solved by direct methods and refined anisotropically on F
2
. 20 All non-hydrogen atomic positions were located in difference Fourier maps and refined anisotropically. The structure was solved by direct methods and refined anisotropically on F 2 .
21
All non-hydrogen atomic positions were located in difference Fourier maps and refined anisotropically. The hydrogen atoms were placed in their geometrically generated positions.
Compounds 2 and 6 were refined by the Flack method for the determination of the absolute structure. 22 Both values of the Flack parameter are collected in Table 1 . Details of crystal parameters, data collection, and structure refinements are given in Table 1 . CCDC reference numbers for 2−6: CCDC 1011688-1011692. Powder X-ray diffraction. A Bruker D8 Discover A25 diffractometer operating with monochromatic Cu-K 1 radiation (1.5406 Å) was used. Data were collected in Bragg-Bentano geometry using Si crystal as support and a linear Lynxeye detector. Theoretical PXRD patterns were generated from the crystallographic information files using the function provided by the Mercury software.
RESULTS AND DISCUSSION

Synthesis and characterization
The isocyanides 4-isocyanoacetanilide (1) and 4-isocyanodecylanilide (7) were prepared from the corresponding amine compounds by formylation to their N-formamides, followed by dehydration with bis(trichloromethyl)carbonate ("triphosgene") to the isocyanides CNR (Scheme 1). The isocyanides were isolated in good yield as pale yellow solids with not offending smell. 4-Isocyanoacetanilide was reported some years ago by a slightly different method, with few characterization details. 5 IR, 1 H-and 13 C-NMR spectroscopic data and C, H, N analysis are provided.
Scheme 1. Synthesis of the isocyanide ligands and their silver(I) complexes. i) HCOOH, toluene reflux. ii) 1/3(Cl 3 CO) 2 CO, NEt 3 , CH 2 Cl 2
The IR spectra of 1 and 7 are similar and show a strong ν(CN) absorption band at ca. 2120 cm -1 , strong C=O and N-CO stretching bands at ca. 1665 and 1540 cm -1 respectively, and a broad ν(N-H) band at ca. 3300 cm -1 . These data suggest the existence of intermolecular association through lateral N-HO=C hydrogen bonding, as reported for acetanilide and for benzamides. 23, 24 In the 1 H NMR spectra of 1 and 7 in acetone-d 6 (12)) were prepared by reaction of 1 or 7 with the corresponding silver salts in 1:1 and 2:1 molar ratio, respectively (Scheme 1).
C,H,N analysis, yields, and relevant IR and 1 H NMR data are given as Supporting Information.
The silver complexes were isolated as air stable yellowish solids. could not be isolated pure and a mixture of the mono-and bis-isocyanide complexes was obtained.
The IR spectra of the solid silver complexes (2-6 and 8-12) show, as expected, ν(CN)
absorptions for the isocyanide group at higher wavenumbers (ca. 65 cm -1 ) than for the corresponding free isocyanides. 17 In addition, their ν(N-H), ν(C=O) and ν(N-CO) bands appear in the same region as for the free isocyanides, suggesting similar intermolecular interactions in the complexes and in the uncoordinated isocyanides. 25 Furthermore, the bis-isocyanide complexes display two ν(C=O) bands at ca. 1700 and 1675 cm -1 , indicating two types of amido groups involved in different intermolecular interactions, as confirmed by X-ray diffraction studies (see below). In acetonitrile solution, the IR spectra are similar, but the ν(C=O) absorption appears in all cases as one intense band, at higher wavenumbers than in the solid state, revealing that the intermolecular interactions observed in the solid are not maintained in solution.
The 1 H-NMR spectra of the silver complexes were recorded in acetone-d6, due to the low solubility of 2-6 in CDCl 3 , which suggests that the intermolecular interactions are broken in acetone solution. The spectra are quite similar to those of the free isocyanides, with small chemical shift differences as a result of coordination.
X-ray diffraction structures.
Compounds 2-6 have been characterized by single crystal and powder X-ray diffraction studies. The crystal data and experimental details are given in the Experimental Section in Table   1 . Bond lengths and angles are listed in Tables S1−S5 There is a common feature for all the crystalline structures of complexes 2-6: they are directed by Ag-O=C amide coordination between neighboring molecules so that linear polymers are formed (Figure 1 ). These polymers assemble through hydrogen bonding to make a layer and the layers pack together in such a way that the Ag(I) achieves pseudo-tetrahedral coordination and is surrounded by the highest number of oxygen atoms. The molecules are achiral but in two cases (2 and 6) the structures are non centrosymmetric, probably due to that the molecular packing is governed by the electronic requirements of the metal center. Details are discussed below. The complexes reported here make a significant contribution to the so far scarce number of structurally described Ag(I)-isocyanide complexes. 10-13 At variance with structures previously reported, the use of a bifunctional isocyanide-amido ligand has allowed us to obtain polymeric layered structures. In addition, in contrast to other silver coordination polymers reported, 31 in our case the structures obtained are governed by the several amido interactions with the metal and other groups and by the oxophilicity of Ag(I), while the influence of the anion is less important.
Mesomorphic behavior
Compounds 1-6 melt with decomposition above 170 ºC. In contrast, although 4-isocyanodecylanilide 7 is not a liquid crystal itself, all its silver derivatives 8-12 display liquid crystal behavior. The anionic ligands are the same small groups as in 2-6 (NO 3ˉ, CF 3 SO 3ˉ, BF 4ˉ ) except for complex 11, where the use of a large dodecylsulfate anion (H 25 C 12 OSO 3ˉ) bearing a long alkyl chain is meant to induce possible modifications of the mesogenic properties (melting point and kind of mesophase, for example) as a consequence of structural distortions produced by the presence of a chain in the anion. Optical, thermal and thermodynamic data are collected in Table   2 . Table 2 . Optical, thermal and thermodynamic data of silver compounds 8 -12
Compound Transition
102.6 160 3 -60.6 -a Cr-Cr', crystalline phases; SmA, smectic A mesophase; I, isotropic liquid; dec., decomposition; X is a fluid phase that could not be identified because, as soon it is formed from C, an exothermic transition converts it in the solid phase C'.
b Data referred to the first DSC cycle starting from the crystal.
c Microscopy data.
All the mesomorphic silver complexes display only a smectic A mesophase (SmA). This is a very common mesophase in ionic liquid crystals, 32 identified in polarized optical microscopy by its characteristics fan shaped focal conic texture ( Figure 5 ). Some compounds show crystal-tocrystal transitions before melting. Although most of them undergo decomposition upon reaching the clearing point to the isotropic state, the SmA phase is stable in a large temperature range. In X-ray studies of ionic mesophases the positions of the anions are hard to localize, and it is also difficult to get crystals of the compounds having long alkyl or alkoxy chains for a single crystal study. It is usually believed that small anions will find some place close to the metal center of the complex cation so as to maximize stabilizing coulombic interactions. In this study, the single crystal results on 4-6 support this belief and allow us to consider that this structural arrangement is a reasonable starting point for the discussion. It should be considered from the beginning that complex 11 clearly differs from the others in spatial requirements and nature of its anion, and differences in behavior should be expected. Since segregation of hydrophilic and lipophilic molecular zones is a usual driving force for the anisotropic packing in liquid crystals, it is reasonable to imagine that C 12 H 25 OSO 3ˉ will have a strong tendency to situate the SO 3ˉ head close to the metal as it happens with CF 3 SO 3ˉ, and the long alkoxy chain in the same zone as the long chains of the cation. In related mesomorphic ionic silver amine complexes [Ag(NH 2 -n- 33 it has been established that the melting point mainly involves the "melting of the chains" (that is, the increase of gauche/all trans ratio of carbon conformations, which decreases the length and increases the curling of the chain), whereas the clearing point (SmA-I transition) involves the disruption of the anion-cation interactions and the ordered arrangement. According to this, the stronger barrier to formation of an isotropic liquid (clearing temperature) is expected and found for the smaller anions, which are easier to accommodate close to the metal center and create the stronger coulombic interactions (NO 3ˉ, BF 4ˉ) ; amongst them, NO 3ˉ, which additionally can make chemical bonding to the metal, displays the higher clearing temperature. The bulkier CF 3 SO 3ˉ shows a lower clearing temperature. Finally, the size of C 12 H 25 OSO 3ˉ increases in the region close to the metal center as its chain curls as a consequence of the melting of chains (the anion becomes less linear and more round), which contributes to weaken the coulombic interactions and facilitates the SmA to I clearing transition.
Regarding the type of molecular association in the mesophase, it is important to note that no significant changes are observed in the IR spectra of the materials in the solid state at room temperature and in the mesophase ( Figure 6 ). This suggests that a supramolecular arrangement similar to the solid state is basically maintained upon melting. However, it is worth noting that the wavelengths of the C-H stretching modes, which appear just below 3000 cm -1 , slightly increase with temperature. The process is reversible, and the initial wavelength values are recovered upon cooling, suggesting an increasing gauche/all trans ratio of the configurations of the chains as the temperature increases, as expected.
34 Figure 6 . IR by ATR spectra of 9 in the solid at room temperature (upper curve) and in the SmA mesophase (lower curve). a) N-H and -CH 2 -stretching region. b) C=O and N-C=O stretching region
Comparing the mesogenic behavior of 8-12 with that of their analogous silver complexes bearing a para-alkoxyphenylisocyanide (Ag-API), 17 both cases display smectic mesophases.
However, while Ag-API shows a SmC phase in addition to a SmA, our complexes show only a SmA with higher melting points due to the amide interactions. The same amide interactions stabilize better the mesophase, reaching clearing points 10-50 ºC higher than the Ag-API complexes.
CONCLUSIONS
We have isolated unusual silver(I) complexes with the bifunctional 4-isocyanoacetanilide and 4-isocyano-decylanilide ligands. These complexes are promising models of building blocks to prepare rationally supramolecular systems. The isocyanide function coordinates to the metal center, and the amido function is able to establish hydrogen bonds and other weak interactions through the amide group. In fact, the silver 4-isocyanoacetanilide complexes 2-6 generate layered crystal superstructures through weak interactions (AgO, OH-N, FH-N and/or OH-O) suitable to prepare mesomorphic materials. In effect, using a nonyl substituent (instead of methyl) in the 4-isocyanoacetanilide ligand gives rise to the mesomorphic 4-isocyanodecylanilide complexes 8-12, which display stable smectic mesophases in a wide range of
temperatures. These results demonstrate the ability of the amide group to modulate the supramolecular structure and properties in these silver complexes with functional isocyanides.
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